Objective: To introduce a simple and effective technique for various kinds of anatomic liver resection using the hanging maneuver by 3 Glisson's pedicles and 3 hepatic veins. Summary Background Data: The advantages of the liver-hanging maneuver described by Belghiti et al and the anatomic characteristics peculiar to the liver induced us to devise another new approach to the use of a hanging technique applied to various kinds of anatomic liver resection.
T he liver can be divided into 3 sections by 3 Glisson's pedicles. Left hemiliver is supplied by the left pedicle. Right hemiliver consists of the anterior and posterior sections, which are supplied by the anterior and posterior Glisson's pedicles, respectively. The liver can be also divided into 3 sections according to the area drained by 3 major hepatic veins: right hepatic vein (RHV), middle hepatic vein (MHV), and left hepatic vein (LHV). The 3 Glisson's pedicles and 3 major hepatic veins can be dissected extrahepatically and used to determine the transection plane.
Belghiti et al proposed a liver-hanging maneuver in right hepatectomy using a tape passed between the anterior surface of the inferior vena cava (IVC) and the liver parenchyma, which has several advantages in major hepatic resection. 1 Considering these advantages of this hanging maneuver and the anatomic characteristics peculiar to the liver, various kinds of anatomic liver resection, which cuts out an inverted pyramid-shaped part of the liver can be done by positioning the hanging tape along the anteromedian surface of the retrohepatic IVC or the ligamentum venosum with its upper end among 3 hepatic veins and with its lower end among 3 Glisson's pedicles.
The remaining liver is minimally or not mobilized in this procedure. In this article, we introduce a simple and effective technique for various kinds of anatomic liver resection using the hanging maneuver by 3 Glisson's pedicles and 3 hepatic veins.
METHODS

Surgical Techniques
The liver is exposed through a J-shaped abdominal incision. After cholecystectomy, hilar dissection is performed to free the right and left Glisson's pedicles in the inferior surface of the quadrate lobe. Subsequently, if necessary, the right Glisson's pedicle is further dissected into the anterior and posterior Glisson's pedicles. Each of these 3 Glisson's pedicles is encircled with an umbilical tape. The falciform ligament is divided along the anterior surface of the liver, and the anterior surface of the suprahepatic IVC is exposed. The space between the RHV and MHV is dissected 2 or 3 cm in the caudal direction. Further dissection is slowly and carefully made with the ultrasonic dissector in the slim parenchyma overlying in the common trunk of MHV and LHV, separating MHV from LHV.
A long light curved Kelly clamp is inserted behind the caudal edge of the caudate lobe on the left side of the inferior right hepatic vein, if present, and passed cranially with great care along the anteromedian surface of the retrohepatic IVC toward the space between the RHV and MHV or between the MHV and LHV previously dissected. One or 2 tapes, which depend whether the number of transection plane is 1 or 2, are seized with the clamp and passed down between the anterior surface of the IVC and the liver parenchyma. According to the type of resection required, the lesser omentum is divided with careful dissection not to injure an aberrant left hepatic artery, if present. After retracting the lateral segment of the liver, the ligamentum venosum is ligated and divided at the junction with the root of the left hepatic vein near the suprahepatic IVC. A tunnel is created behind the common trunk of the MHV and LHV. A large curved clamp is introduced through the tunnel toward the space between the RHV and MHV or between the MHV and LHV previously dissected. A tape is seized with the clamp, passed down along the ligamentum venosum between the caudate lobe and left lateral segment, and laid under the hepatic hilum. A large curved clamp is introduced between the liver parenchyma and the upper edge of the hilar plate and passed caudally toward the posterior surface of the previously dissected hilar plate. The lower end of the tape, which is under the caudal edge of the caudate lobe along the IVC or under the hepatic hilum along the ligamentum venosum, is seized with the clamp and pulled up behind the hepatic hilum. Then the lower end of the tape is positioned between the right and left Glisson's pedicles. For the lower end of the tape to be positioned between the right anterior and posterior Glisson's pedicles, the clamp is inserted behind the posterior Glisson's pedicle, and the lower end of the tape is seized and pulled up. Consequently, the hanging tape is located along the anteromedian surface of the retrohepatic IVC or the ligamentum venosum with its upper end among 3 hepatic veins and with its lower end among 3 Glisson's pedicles.
Occlusion of 1 or 2 of the 3 Glisson's pedicles, which enter a part of the liver to be resected, reveals the demarcation line on the liver surface that corresponds to a transection plane. The parenchymal transection is performed with the ultrasonic dissection device along the line with both ends of the tape oriented and pulled up for the transection plane, if necessary, using the Pringle maneuver and continued cephalad and posteriorly aiming at the tape until the tape is exposed before or after the part of the liver to be resected is mobilized. After the parenchymal transection and exposure of the anteromedian surface of the IVC, the occluded Glisson's pedicle is divided en masse or after being dissected into its artery, portal vein, and bile duct. The draining hepatic vein is divided. In right liver resection, the right side of the IVC is dissected and several short hepatic veins are ligated and divided. Then the large inferior RHV, if present, is stapled with a vascular stapler or divided between vascular clamps and oversewn.
One Tape 
One Tape Along the Ligamentum Venosum
Left hepatectomy with the MHV or right hepatectomy with the caudate lobe is possible if its upper end is between the RHV and MHV and its lower end is between the right and left Glisson's pedicles (Fig. 2A) . Left hepatectomy without the MHV or right hepatectomy with the caudate lobe and MHV is possible if its upper end is between the MHV and LHV and its lower end is between the right and left Glisson's pedicles. Left lateral sectionectomy is possible if its upper end is between the MHV and LHV and its lower end is in the left side of the umbilical portion of the left Glisson's pedicles.
One Tape Along the Anterior Surface of the Retrohepatic IVC and Ligamentum Venosum
Isolated caudate lobectomy is possible if its upper end between the RHV and MHV along the IVC is passed through a tunnel behind the common trunk of the MHV and LHV, pulled down along the ligamentum venosum, and laid under the hepatic hilum. (Table 1 ). There were 127 men and 60 women with a mean age of 55.2 years (range, 28 -76 years), of whom 115 patients had primary liver cancer; 45, colorectal liver metastasis; 15, hilar cholangiocarcinoma; 10, gallbladder cancer; and 2, benign lesions. Median tumor diameter was 4.2 cm (range, 1.4 -21 cm). The tumor was stuck closely between the right anterior and posterior Glisson's pedicles in 3 patients, who underwent right hepatectomy without dissection between them. All the other tumors did not invade or abut the IVC, the extrahepatic 3 hepatic veins, or sheaths of 3 Glisson's pedicles. Dissection of regional lymph nodes was performed in 41 patients. Partial resection of diaphragm and right adrenalectomy were combined with right hepatectomy in 11 and 3 patients, respectively.
RESULTS
From March
The hanging tape was positioned successfully as planned in all cases, including 88 patients with cirrhosis along the anteromedian surface of the retrohepatic IVC or the 
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Liver Resections With Hanging Maneuver ligamentum venosum with its upper end among 3 hepatic veins and with its lower end among 3 Glisson's pedicles. In our initial experience, 3 patents undergoing right hepatectomy had minor bleeding during the blind dissection between the liver and IVC. The bleeding stopped spontaneously in 2 patients, and the procedure was not interrupted. But 1 patient had continuous bleeding, which made us mobilize the right liver and repair the injured vein. Then a 1-or 2-cm blind dissection was performed between the RHV and MHV where the tape could be positioned safely. The mean parenchymal transection time was 47 minutes (range, 20 -89 minutes) and depended on the experience-based learning curve and the area of cut surface. In the early period less than 1 year of this study, the mean time was 65 minutes (range, 50 -89 minutes) for one transection plane. For the rest, 18 months after the 1-year experience including 8 case of central hepatectomy, the mean time was 28 minutes (range, 19 -45 minutes) overall, and was 24 minutes (range, 19 -40 minutes) and 40 minutes (range, 35-48 minutes) for 1 and 2 transection planes, respectively. The Pringle maneuver was used in 19 patients for only a few minutes to control an inadvertent brisk bleeding during the parenchymal transection. The mean intraoperative blood loss was 385.6 mL (range, 100 -1000 mL). Three (1.6%) of the patients required blood transfusion during or after surgery. There was no operative mortality or major morbidity and no reoperation. We encountered several minor transient complications. There were 7 cases (3.7%) of right subphrenic or subhepatic fluid collections and 3 cases (1.6%) of biliary fistula at the cut surface of the liver. All 10 cases were successfully treated with percutaneous catheter drainage.
DISCUSSION
Two tunnelings are required in this maneuver. One is retrohepatic on the IVC and the other is behind the MHV and LHV. The former is a blind dissection and has a risk of an inadvertent tear in some accessory hepatic veins, but the risk can be reduced by a strict positioning and gentle advance of a smooth rounded clamp on the anteromedian surface of the IVC. The division of minor caudate veins, if present, and transection of the inferior parenchyma of the caudate lobe on the middle of IVC can make the length of the blind dissection short. Ultrasonography can also be used to make the retrohepatic dissection safe. 3 Otherwise, the tape can be located after freeing the right liver from the IVC. The latter can be performed safely by dividing the ligamentum venosum and dissecting behind the MHV and LHV toward the space between the RHV and MHV or the MHV and LHV cleared previously. These tunnelings should not be attempted in cases of tumors invading or abutting the retrohepatic IVC, the extrahepatic 3 Glisson's pedicles, or 3 hepatic veins because they may cause profuse bleeding or tumor spillage.
The liver mobilization for hepatectomy in this technique is limited only to the resected part of the liver. The other remaining liver is minimally or not mobilized at all even in central hepatectomy and isolated caudate lobectomy, including the paracaval portion that generally require substantial mobilization of the right or left liver, which can not only reduce the intraoperative bleeding, a major risk of hepatic resection, but also decrease the postoperative ascites and subphrenic fluid collection especially in cirrhotic patients whose liver ligaments and peritoneum are thickened with dilated venous and lymph vessels. 4 The tape used in this procedure plays 2 important roles, one as a guide to the transection plane and second as a means retracting the liver. The tape to guide a transection plane can be compared with a lighthouse on a bluff that beacons a ship to home. Pulling and aiming at the tape surrounding the transection plane facilitate the exposure and bleeding control of the deep part of the parenchyma, protect the retrohepatic IVC and the main Glisson's pedicle and hepatic vein of the remaining liver, and maintain the transection plane effectively without intraoperative ultrasound or other auxiliary techniques, so that the parenchyma can be safely divided without compression or retraction of other parts of the liver. These advantages of the liver-hanging maneuver and the anatomic characteristics peculiar to the liver induced us to devise another new approach to the use of a hanging technique applied to various kinds of anatomic liver resection, which are possible according to the location of the tape and the direction of pulling up of the tape. All the transection planes in our study are longitudinal, parallel to, and oriented for the IVC or the ligamentum venosum along which the tape is located. The resected parenchyma is of an inverted pyramid-shape.
This technique has a prerequisite that the hanging tape should surround the transection plane. Therefore, it is of no help in performing an isolated resection of 1 segment of right liver but has been successfully applied to resect the segment 5 and 6 in 15 patients not included in this study because the transection plane can be encircled with a tape by mobilizing the inferior part of the right liver.
The division of the taped and occluded portal pedicle can be performed before or after the parenchymal transection, but it is easier after than before the parenchymal transection as the longer Glisson's pedicle is exposed to secure stapling or clamping and division. There is also an occasion when it is necessary to divide the individual artery, portal vein, and bile duct of the portal pedicle after the parenchymal transection as in a living donor hepatectomy for transplantation in which this technique is useful, too. We make it a rule not to use the Pringle maneuver routinely because ischemic injury to the remaining liver and intestinal congestion may be produced, and this technique with meticulous hemostasis enables us to perform the parenchymal transection with minimal blood loss even without resorting to the Pringle maneuver. We have a transfusion policy that no transfusion is performed, if at all possible, to avoid the accompanying potential risks such as postoperative infection and immunosuppression unless the whole blood hemoglobin level is less than 8.0 g/dL or unstable vital signs are detected.
One transecton plane makes 2 complementary types of anatomic liver resection. Right hepatectomy with MHV has the same transection plane as left hepatectomy with the caudate lobe and has the same preparations as right hepatectomy without the MHV except for the upper end of the tape between MHV and LHV. As the tape is on the left side of MHV, pulling up the tape allows the parenchymal transection along the main portal fissure to follow the left side of the trunk of MHV.
Right posterior section can be resected en masse with some liver parenchyma of an inverted pyramid-shape between the right portal fissure and right anterior Glisson's pedicle when the tape is oriented clockwise and pulled up close to the right anterior Glisson's pedicle. There is no area with ischemia or congestion in the remaining liver because the MHV and the right anterior Glisson's pedicle are preserved.
Right hepatectomy en bloc with the caudate lobe in hilar cholangiocarcinoma can take advantage of this technique. After cutting the extrahepatic bile duct at the upper border of the pancreas, dissecting regional lymph nodes, dividing the right hepatic artery and portal vein, and fully mobilizing the liver free from the IVC, the hanging tape is located along the ligamentum venosum between the left lateral segment and caudate lobe with its upper end between the RHV and MHV and its lower end between the dissected right and left Glisson's pedicles (Fig. 2B) . Pulling up the tape makes the horizontal transection plane between the quadrate and caudate lobes of the liver in the deep parenchyma vertical so that the parenchyma can be transected easily by only aiming at the tape.
Although we are not yet experienced in left trisectionectomy, the right posterior sectionectomy performed in 20 cases has the same transection plane. So, by mobilizing the left side instead of the right side of the liver, the left trisectionectomy can be done using otherwise the same technique.
CONCLUSION
This technique has the advantages of the hanging maneuver based on the anatomic considerations of the liver and needs minimal mobilization of the remnant liver. The hanging maneuver is also feasible and useful in various transection planes by 3 Glisson's pedicles and 3 hepatic veins and can be a key technique for various kinds of anatomic liver resection. Therefore, this technique may be recommended as a basic technique for liver surgeons.
